The name Flexibacter maritimus is proposed for a group of 15 bacterial strains isolated from diseased red sea bream (Pagrus major), black sea bream (Acanthopagrus schlegeli), and rock bream (Oplegnathus fasciatus). These bacteria grew in cytophaga medium prepared with seawater but failed to grow in cytophaga medium supplemented with NaCl. The isolates were gram-negative, flexible rods which exhibited gliding motility on wet surfaces. They did not utilize agar, cellulose, or chitin. The mean guanine-plus-cytosine content of the deoxyribonucleic acids of eight selected strains was 31.8 & 0.4 mol%. Strain R2 (= NCMB 2514) is designated the type strain of the new species.
A Flexibacter infection was first described by Masumura and Wakabayashi (13) as the cause of mortality (20 to 30%) among the fry (15 to 60 mm) of red sea bream (Pagrus major) and black sea bream (Acanthopagrus schlegeli) reared in seawater at a net-cage culture facility in Hiroshima Prefecture, Japan. Affected fish had eroded mouths, frayed fins, and tail rot. In the lesions large numbers of long, slender bacterial rods were observed, giving the infected tissue a pale-yellow appearance. Since 1976, this disease has become a common problem among red and black bream fry cultured at various locations in Japan. During the winter, Flexibacter infections have also caused mortality among cultured fish, with lesions occurring initially as greyish-white cutaneous foci on the fins, head, and trunk. On the skin, the lesions become eroded, and shallow ulcers are produced. The organisms isolated from the diseased fish were characterized by Hikida et al. (6) and Wakabayashi et al. (18) . In this paper, we present evidence that a group of 15 bacterial isolates from diseased red sea bream, black sea bream, and rock bream (Oplegnathus fasciatus) constitute a new species, for which we propose the name Flexibacter maritimus.
MATERIALS AND METHODS
Bacterial strains. The 15 bacterial strains used in this study and the sources from which they were isolated are given in Table 1 . These bacteria were obtained from diseased fish by streaking portions of external lesions or kidney tissues onto cytophaga agar (1) containing 70% seawater. After incubation at 25°C for 2 to 3 days, pale-yellow, flat, irregular colonies with uneven edges appeared.
Morphology and growth studies. Cell morphology was recorded from light microscope observations of Gramstained smear preparations. Motility was determined by examining wet mounts with a phase-contrast microscope. Microcyst formation was tested by the method of Dworkin and Gibson (5) .
The optimum growth temperature was determined by use of a temperature gradient incubator (model TN-3; Toyo Kagaku Sangyo Co.). The ability of the strains to grow in the following media was tested: cytophaga broth containing 0, 1, 3, 5 , 7, or 10% NaCl and cytophaga broth made up with 0, 10, 30, 70, or 100% seawater. The requirement for inorganic salts was determined by inoculating media containing vari-* Corresponding author ous combinations of NaCl, KC1, MgC12, MgS04, and CaC12 added to a basal medium consisting of 0.1% tryptone (Difco Laboratories), 0.1% Casamino Acids (Difco), and 0.02% yeast extract (Difco).
Physiological characteristics. The following physiological characteristics were determined by the methods described by Pacha (14) , Pacha and Porter (15) , or Lewin and Lounsbery (10) : degradation of agar, cellulose, chitin, starch, esculin, casein, gelatin, tributyrin, and tyrosine; utilization of tryptone, Casamino Acids, yeast extract, sodium glutamate, or potassium nitrate as a nitrogen source; production of ammonia, hydrogen sulfide, indole, and catalase; reduction of nitrate; and lysis of dead cells of Escherichia coli, Edwardsiella tarda, and Aeromonas hydrophila. Cytochrome oxidase was detected by use of commercially prepared test paper (Nissui Co.). Production of acids from carbohydrates was determined by the method of Leifson (9) . Congo red adsorption was tested by flooding the colonies with an 0.01% aqueous solution of the dye (7). The basal medium used for these tests, TCY medium, consisted of 1.0 g of tryptone, 1.0 g of Casamino Acids, 0.2 g of yeast extract, 31.3 g of sodium chloride, 0.7 g of potassium chloride, 10.8 g of MgC12 -6H20, 1.0 g of CaC12 2H20, and 1,000 ml of distilled water (pH 7.0 to 7.2).
Pigments were extracted from bacterial cells by the method of Lewin and Lounsbery (10) . The extract was examined spectrophotometrically by using a Hitachi model 124 recording spectrophotometer.
Determination of G + C content. DNAs were isolated from bacterial cells by the method of Marmur (11) . The guanine- There was no growth in cytophaga medium prepared with NaCl instead of seawater, and at least 30% seawater was required. Growth in 6 of the 16 media containing various combinations of the four inorganic salts in addition to NaCl indicated that the organisms required KC1 as well as NaCl for growth. It was also found that Ca2+ and Mg2+ enhanced growth, while S04*-was slightly inhibitory.
Results of the physiological tests are given in Table 2 . With the exception of lysis of dead cells, all strains tested were uniform in their physiological characteristics. Nitrogenous compounds such as tryptone, yeast extract, and Casamino Acids were utilized as sources of carbon and nitrogen for growth. Nitrate was reduced to nitrite. Acid was not produced from glucose, galactose, fructose, mannose, lactose, sucrose, sorbose, maltose, cellobiose, trehalose, xylose, rhamnose, raffinose, dextrin, glycogen, inulin, glycerol, adonitol, mannitol, dulcitol, sorbitol, inositol, or salicin.
The absorption curve of extracted pigments in n-hexane had three peaks at 425, 450, and 475 nm. The highest peak was at 450 nm, indicating the presence of one or more carotenoid-like pigments. The addition of a small amount of alkali (KOH in ethanol) to ethanolic pigment solutions did not cause a spectral shift of the absorption maxima. When treated with concentrated H2S04, the pigments produced a pale red-brown color. From these results, the pigments seemed not to be of the flexirubin type (16).
G + C content. The G + C contents were determined for eight strains and ranged between 31.3 and 32.5 mol%, with a mean of 31.8 mol% and a standard deviation of 0.4 mol%. " (8) is a comparatively wellknown pathogen in freshwater fishes, although the name has not been approved by the International Committee on Systematic Bacteriology. "F. columnaris" grows well on such media as cytophaga agar (l), which does not contain NaCl, but not in seawater. In addition, it differs from the present organism in that it produces H2S and does not degrade tributyrin and tyrosine.
There are several reports of gliding bacteria associated with diseases of fish in seawater. Borg (3) described an undetermined genus of gliding bacteria from diseased pink salmon (Oncorhynchus gorbuscha) held in seawater. Wood (19) found Sporocytophaga spp. in salmonids in Washington facilities having a seawater supply. From an epizootic in rainbow trout (Salmo gairdneri) reared in seawater in Scotland, Anderson and Conroy (2) isolated long, slender, gliding bacteria which produced round bodies but which appeared to be distinct from Sporocytophaga spp. Sawyer (17) isolated Flexibacter sp. from an epizootic in coho salmon (Oncorhynchus kisutch) reared in an estuary in Maine. The present organism is morphologically and physiologically similar to that reported by Sawyer but differs in its obligate requirement for seawater.
The strains examined in this study were found to represent a very homogeneous group of bacteria thought to belong to a single species. The organisms were long, slender, gramnegative rods that displayed gliding motility, could not attack agar, cellulose, or chitin, and could not form fruiting bodies or microcysts. Their DNA base composition was in the range of 31 to 33 mol% G+C. On the basis of the 8th edition of Bergey 's Manual of Determinative Bacteriology (S), the bacterium described here belongs to the genus Flexibacter. However, it is different from all Flexibacter plus-cytosine (G + C) content of the DNAs was determined optically by thermal denaturation (12) of the DNAs in a Shimazu QR 50 spectrophotometer equipped with a Haake FSe ultrathermostat and a Gilford model 2000 recorder. Calf thymus DNA (G+C content, 42.9 mol%; Sigma Chemical Co.) was used as a control.
Lysis of dead cells of

RESULTS
Phenotypic characteristics. Cells were gram-negative , flexible, slender rods measuring 0.5 by 2 to 30 pm, although occasionally cells up to 100 pm long were observed. They had no flagella but exhibited gliding motility. The speed of gliding in seawater on glass was 4 to 8 pdmin, without temperature control. The speed, however, varied greatly from barely perceptible to rapid, and subcultures appeared to have decreased motility. As the cultures aged, cells tended to become somewhat shorter. No formation of microcysts occurred in any of the culture media tested. Although spherical cells (approximately 0.5 pm in diameter) were found in older cultures, they were not capable of germinating in fresh medium. Colonies were flat, thin, and light yellow and had uneven edges. These colonies rarely exceeded 5 mm in diameter. In unagitated liquid medium, surface growth was in the form of a pellicle. The organisms failed to grow anaerobically. The bacteria grew at temperatures between 15 and 34"C, with optimum growth occurring at approximately 30°C. 
Data from reference 8. Data from reference 10. d, Some strains were positive, and some strains were negative. Data from reference 4.
species previously effectively published (Table 3 ) and should be recognized as a new species, for which we propose the name Flexibacter maritimus (mar'i.ti.mus. L. adj. maritimus living near the sea). Description of Flexibacter rnaritimus sp. nov. The characteristics of type strain R2 (= NCMB 2514) are listed in Table  2 . Lysis of dead cells of Escherichia coli is negative.
Strictly aerobic. Seawater, at least one-third strength, is required for growth. Alternatively, not only NaCl but also KC1 is required. Mg2+ and Ca2+ enhance growth. G + C content of DNA ranges from 31.3 to 32.5 mol%; for the type strain, this value is 31.6 mol%.
Source of type strain: isolated in 1977 from a diseased fingerling red sea bream (P. major) reared in a floating net cage offshore Ondo, Hiroshima Prefecture, Japan. One additional strain of F . maritimus, B2, has been deposited in the National Collection of Marine Bacteria as NCMB 2513.
